REPORTS

Environmental Tobacco and lung cancer risk due to ETS expo- (21-23], and it has been linked to in-
; sure. Conclusions: A common genetic creased risks of tobacco-associated can-
Smoke, Genetic polymorphism divides the population cers of the lung(12), head and neck

Susceptibility, and Risk of of never smokers into two groups of ap- (24,25),larynx (26), and bladde(27-30).
Lung Cancer in proximately equal size, one (homozy- Compared with men, women with the
Never-Smoking Women gous carriers of the GSTM1 null allele) GSTM1 null genotype may have greater

that has a statistically significant risks of tobacco-associated cancésd).

William P. Bennett. Michael C. R, dreater risk of lung cancer from ETS A meta-analysis of 1593 patients with

- - " . than the other (heterozygous or homo- lung cancer and 2135 control subjects
Alavanja, Brunhilde Blomeke, Kirsi zygous carriers of the wild-type concluded that GSTM1 deficiency con-

H. Véhakangas, Katariina Cast®  G5TM1 allele). [J Natl Cancer Inst  fers an additional 40% risk of lung cancer
Judith A. Welsh, Elise D. Bowman, 1999:91:2009-14] to the individual cigarette smoker (odds
Mohammed A. Khan, Douglas B. ratio [OR] = 1.4; 95% confidence inter-

Flieder, Curtis C. Harris Although active smoking accounts for @l [Cl] = 1.2-1.6) and accounts for 17%
90% of U.S. lung cancer deaths, lung cangf all lung cancers because of its high

cer in lifelong never smokers accounted"evalence(12).
for 11000 U.S. deaths in 1996). A The theta class of GSTs contains two

: ; . isoenzymes including GSTTB2), which
complex mixture of Carcinogenic expo-p,q an inactivating homozygous deletion
for never smokers. We investigated the o o>’ sohmoecl;)nomu(:j facto_]rc_s, d!elt, Emgolymorphism that occurs in 11%-18%
hypothesis that never-smoking women gener?cs as obscured speci |9det|o(;)g|e f whites(21). A functional deficiency of
who are exposed to ETS and develop ~Ut (€ majorlcaubses are COES' ered 10 his enzyme activity(32) was associated
lung cancer are a genetically suscep- en(;/lronlmedntatl ;o4acco Smo T" (IET?)' with increased risks of smoking-associ-
tible population. Methods: Archival tu- Ij?seoarl]s(e()é) I:m( g f;}rﬂ%n_ﬁiiﬁoﬁfsoﬁuu:g ated laryngeal and bladder canc¢?d),
mor tissues were analyzed from 106 J by and combined deficiency of both GSTT1
cancer (6,7). Current data indicate thatang GSTM1 produced a substantial sus-
U.S. lung cancer risks are increased aReeptibility to lung cancer in Finnistil6),
prOXimately 1.6-fold by ETS [reVieWed in American (33), and French(34) popu-
(8)], and a recent, 10-year European studpations. The cytochrome P450 1Al
of 2000 adult{9) found a small, but defi- (cYP1A1) enzyme activates carcinogenic
nitely, elevated risk. polycyclic aromatic hydrocarbons includ-
Several Iung cancer Suscept|b|||ty|ng the benz@pyrene Component Of to-
genes have been proposed, and enzymggcco smok¢35), and a polymorphic va-

; . activating or detoxifying chemical car-|ine allele in exon 7 increases both
detoxify (glutathione Stransferases M1 ¢inggens have been investigated [reenzymatic activity and lung cancer risks
[GSTM1] and T1 [GSTT1]) chemical ~yjeyed in(10,11). To date, several cyto- i Japanese smokers [reviewed (B6)].
carcinogens found in tobacco smoke. ¢hrome P450 pathway enzymes thagyrthermore, there is evidence for a gene—
Results: When compared with never -actjvate chemical carcinogens and severgene interaction between the variant (i.e.
smokers who had no ETS exposure and g|ytathioneStransferase (GST) enzymesimutant’) CYP1A1 allele and homozy- '
developed lung cancer (n = 55), NeVer that detoxify chemical carcinogens havgyous deletion of GSTM1 to produce a
smokers with exposure to ETS who de- peen associated with lung cancer suscephore than additive risk of lung cancer in
veloped lung cancer (n = 51) were more tjpjlity (12—16). The human GSTs are

likely to be deficientin GSTM1 activity  phase Il detoxification enzymes encoded

(i.e., were GSTM1 null) because of a py four classes of polymorphic genes: al-
genetic polymorphism in the GSTM1 pha, mu, pi, and theta [reviewed {@7- Affiliations of authors:W. P. Bennett, B.
gene (ods ratlo = 2.6; 5% corfidence 19). Al of these enzymes detoiy car- 27/ A 1o E D Sonmen 1 foan
interval = 1.1-6.1). A statistically sig- cinogens and reactive oxygen species byjision of Basic Sciences), M. C. R. Alavanja (Ra-’
nificant rising trend in risk occurred  conjugating them to glutathione, and aldiation Epidemiology Branch, Division of Cancer
with increasing ETS exposure (two- terations in the mu and theta class geneé%pidemiology), National Cancer Institute, Bethesda,
sided P = .02), reaching a more than have been linked to tobacco-associatedD; K. H. Vahaangas, K. Castre Department of
sixfold excess risk in those exposed to lung cancers. The mu class includes dthamacology and Toxicology, University of Oulu,
55 pack-years of ETS (ETS pack-year = least five genetic variants, and GSTM1 i%'grligﬁ‘Uzi'vsr'si't:"if:;'iszgzﬁgf”&eﬁ 52:20:333”
ETS produced by an active smoker, notable for a “null” allele inactivated by a Correspondenze toCurtis C. Harris, M.D., Na-
within a confined space such as a room, deletion of DNA coding sequencg®0). tional Institutes of Health, Bldg. 37, Rm. 2C01,
who smokes one pack of cigarettes a Loss of GSTM1 enzymatic activity due toBethesda, MD 20892-4255 (e-mail curtis_harris@
day for a year). No evidence was found the homozygous null genotype occurs imih.gov).

of associations between GSTT1 defi- about 50% of white populations of Eu- See‘Notes” following “References.”

ciency or the CYP1A1 valine variant rope and North America [reviewed in© Oxford University Press

Background: Exposure to environmen-
tal tobacco smoke (ETS) is considered
to be a major lung cancer risk factor

never-smoking women enrolled in a
case—control study of ETS (and other
personal and environmental factors)
and lung cancer risk. We analyzed
germline polymorphisms in genes that
have been associated with cancer sus-
ceptibility and whose products activate
(cytochrome P450 1A1 [CYP1A1]) and
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most Japanese and some white smokesgokers (who were excluded from further analyses)f exact methods could not be performed by com-
[reviewed in(21)]. and 121 never smokers_. Composite histologies, awnercially available software in _this data_lst_et. Al _
We extended the classical epidemio_erage ages, and gducaﬂon_al levels for the 106 nevealues were calculated as_twc_)-_5|ded statistics, which
loai b tio on ETS and lun smokers whose tissues yielded DNA and data owere considered to be significant f&<.05. The
0gic observall n_s n . 9GsTM1 status are compared with results for the enlinearity of trends in risk according to levels of ex-
cancer by conducting a molecular epidege series of 618 never smokers and ex-smokers feosure to ETS was evaluated with a score test, which
miologic study of gene—environment in-show that the subset analyzed in this report is comis equivalent to the Mantel extension test for linear
teractions promoting lung cancer inparable to the full series (Table 1). trend (41). All comparisons were adjusted for age
never-smoking women. Our study was Genetic analyses of cancer susceptibility genes. and other significant factors as defined in previous
designed specifically to investigate ETSTumor and nontumor tissues were microdissectestudies(2,4,6,38—40Y)i.e., history of non-neoplastic
and lung cancer with the use of a popujrom histologic sections with the use of protocols tolung disease, radon exposure, and intake of saturated
. . . minimize polymerase chain reaction (PCR) contamifat and vegetables). One can estimate multiplicative
Iatlc_)n-based sgnes of never'smOkmg CaStion (43), and genomic DNA was isolated from gene—environment interactions in logistic models
patients, and it employed telephone andontumor tissues with the use of standard procewith data from case patients alone with even greater
in-person structured interviews to obtairiures (44). The CYP1A1 exon 7 isoleucine-to- precision than from both case patients and control
information about multiple lung cancervaline substitution and the GSTM1 deletion weresubjects, provided that the environmental factor and
risk factors, including ETS exposure, agegetermined by multiplex PCR amplification and gelthe genotype are statistically independent in the
and intake of vegetables and animal faflectrophores_,is as previously reportéb). Th_e population and the diseasg is ra(l@_,47).|t i_s un-
(2,4,37).We examined dose—response r. GSTT1 deletion was also analyzed by multiplexlikely that GSTM1 status is associated with adult
v : ePCR with the use of an allelic discrimination systemETS exposure, particularly among lifetime never
I‘?‘tlonSh'pS between ETS and Ilj'ng Cance("7700 Sequence Detector [“TagMan”]; Applied Bio- smokers.
risk among women with functional ge-systems Inc., Norwalk, CT). PCR primers and fluo-
netic polymorphism for enzymes that acrescent-labeled probes were employed to discrimigeg | T
tivate (i.e., CYP1Al) and detoxify (i.e., nate present and absent alleles by differentia

GSTM1 and GSTT1) tobacco smoke carfluorescent signals for GSTT1 aitactin (GSTT1 L.
cinogens ) Kit; BioServe Biotechnology Inc., Laurel, MD). DeS-CI’I.ptlve, Laboratory, and_ .
' This assay was validated by duplicate analysis anetatistical Analyses of the Missouri
by polymorphic mendelian inheritance patterns inWomen’s Lung Cancer Study
seven human family cell lines (data not shown; Na-
v d hival “ bedded | tional Institute of General Medical Sciences Human The current series of 106 never-
Stu esign.Archival, paraffin-embedded lun i i i i . . -

y desig paral ! 9 Gengne Mutant Cell Repository, Coriell Instltute_for smoking, white women with lung cancer

cancer tissues from therapeutic resections or diagyedical Research. Camden NJ). Although neithe . .
' ’ [s representative of the 618 cases in the

nostic biopsies were collected from white women ingssay could distinguish between one or two alleles . - . - .
Missouri who participated in a population-basedof GSTM1 or GSTTI, homozygous deletions Wereorlglnal epidemiologic study as shown

case—control study of lung cancer in never smokergetermined unequivocally. in Table 1(2,4,6,38—40)Compared with
and long-term ex-smoke(g,4,6,38-40)The origi-  gtatistical analysis.ORs and 95% Cls were cal- the complete population-based sample,
nal epidemiologic study was designed to measurgyjated by multiple logistic regressiqd1), and all the case patients reported here were
the risks of lung cancer conferred by ETS, homgomparisons were adjusted for age and other signifidentical in race and sex and similar in

radon, diet, family history of cancer, occupational : i i _ . .
y Yy p cant factors as defined in previous stud2#,6,38— | aqn age at diagnosis (69.8 years versus

exposure to known causes of lung cancer, and nom) (j.e., history of non-neoplastic lung disease, ra- : L
neoplastic lung disease. The decision to use a casgon exposure, and intake of saturated fat angl'S years) and education level. Similarly,

only study design to assess gene—environment intejagetables). Al statistically significant associationd '€ tUmors in this study were compar-
action did not hamper our analysis because thigere retested with the use of exact methetgy,but ~ able in proportion of histologic subtypes

approach has been previously shown to yield thggjystments for confounding variables with the usd¢0 those in the original study, with slight
same estimator of interaction effect as do studies
that collect complete data on cases and controls
(41,42).Missouri was chosen because of its stable

M ETHODS

Table 1.Comparisons of the current case patient series to the original population-based case

population and its population-based cancer regis- patient series*

try—which includes smoking status information—

and the series was limited to whites because of thegrameter Current series Original series
small numbers of other racial and ethnic groups ir

the state. Lung cancer patients were identified fronNo. of patients 106 618

the Missouri Cancer Registry for a 5-year period anghge range, y (mean) 41-84 (69.8) 30-84 (71.5)
included 432 lifetime never smokers and 186 Iong'Histology, No. (%)t

term ex-smokerg2). Adenocarcinoma 75 (71) 202 (62)

Exposure dosimetry for ETS. ETS exposure  gronchoalveolar 8 (8) 19 (4)
was quantified by telephone interviews determining  Squamous cell carcinoma 4(4) 27 (6)
the source (e.g., parent or spouse), intensity, and Small-cell lung cancer 2(2) 12 (3)
duration of exposure during childhood and adult- Other/mixed 17 (16) 118 (25)
hood(2). One ETS pack-year is the exposure, withingmoking history, No. (%)

a confined space such as a room, to ETS produced Never smoker 106 (100) 432 (70)
by an active smoker consuming one pack of 20 ciga- Ex-smoker 0 186 (30)
rettes each day for a year. Education, No. (%)

Sample collection. Tissue samples were re- <12y 36 (34) 240 (39)
quested for all 618 lung cancers from never smokers 12 y 43 (41) 228 (37)
and ex-smokers in the epidemiologic study >12y 25 (24) 121 (20)
(2,4,6,38-40)request letters were sent to hospitals Unknown 2(2) 29 (5)
where resections or diagnostic biopsies were peF
formed. Archival, formalin-fixed, paraffin-  *Descriptions of the original, population-based, case patient series have been puffighe®8-30).

embedded, tumor tissue samples were provided for tHistologic materials from 468 case patients were available for morphologic confirmation by an expert
132 (21% of requested) patients, including 11 expanel of pathologist$6).
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excesses of adenocarcinomas (71% ver- Table 3.Case patient-only analysis of environment tobacco smoke (ETS) exposure: association with
sus 62%) and bronchoalveolar carcino- glutathioneStransferase T1 (GSTT1) and cytochrome P450 1Al (CYP1ALl) genotypes
mas (8% versus 4%) and slight deficits

in squamous cell carcinomas (4% versus
6%), small-cell lung cancers (2% versuysuartile  Pack-years ~ Absent  Present OR (95%)% MM/WME  WW§  OR (95% Cht

ETS exposure* GSTT1 genotypet CYP1A1 genotype

3%), and other/mixed histologies (16%; 0 7 26 1 5 49 1
versus 25%) (Table 1). The only sub-2 0-20 3 9 1.1 (0.2-6.3) 2 15 1.4 (0.2-9.4)
stantial difference was in the proportion3 éé—55 11 162 863(((%)_72'3,8)) 11 1129 3'73((8'10_73;)
) o > .6 (0.0-7. .7(0.1-7.
of ex sm_ol_<ers, who a_ccounted for 309" Any ETS 5 27 0.6 (0.1-2.4) 2 6 0.7 (0.2-3.3)
of the original population but who were Trend tesf P = 29 P = 50
specifically excluded from the current
study_ *ETS exposure is shown as quartiles for GSTM1 analysis, where 0 pack-years of exposure was defined

The GSTM1 genotypes were deteras the first quartile, and the second through fourth quartiles were constructed from approximately equal

mined for the 106 never smokers as 60%ivisions of the remaining case patients.
absent (i e homozygous for the null al- TAbsent means both alleles are null or deleted. Present means one or two intact alleles are present.

. . TOR (95% CI)= odds ratio (95% confidence interval) adjusted for age, radon exposure, saturated fat
lele) and 40% present (i.e., With ON€piare. and vegetable intake.

or two functional alleles present; Table svmm = valival exon 7 polymorphism; WM= ile/val genotype; WW= ile/ile genotype.

2). The slight excess of null alleles is |Categorical trend test is expressed as a two-siiealue, which is considered statistically significant for
typical for the lung cancer series amongp<.05.

the white population12), and the aver-
age age at diagnosis of the homozygous

null group was slightly, but not statisti- ung Cancer R|s!<s for Never sure and py6:1 |nthe_ fourth quartile. The
callv sianificantly. areater than the het->mekers Determined by first quartile was defined as absence of
y SI9 Y. 9 Gene—Environment Interactions exposure to ETS, and the other quartiles

erozygous and homozygous wild-type
genotypes, 70.0 years versus 69.4 years. Association of the GSTMI homozy-

Data on the GSTT1 genotypes were availgous null genotype with substantial

able for 65 patients, with 18% abseniung cancer risk at high levels of ETS

(i.e., homozygous null) and 82% pres-exposure.Within the group of 106 never
ent (i.e., having one or two functionalsmokers, there was a surplus of th
alleles; Table 3); similar frequencies forGSTM1 homozygous null genotype (i.e., : ; :

white populations have been reporte®0%); however, in the absence of ETSCase pat_lent-onl_y analysis, adj_usted for
by multiple investigators [reviewed in exposure, the GSTM1 null genotype Wasgonfoundmg vanabrlles, 5d5eterm|lned thatf
(21)]. There were 95 (91%) case patients slight minority (27 versus 28 case pa_exposure to more fa'? > pac 'ye"?“i Of
with two wild-type CYP1A1 alleles and tients; Table 2). Excess GSTM1 null aI-ETS produced a 6.5-fold mcreased 1Sk o
nine (9%) with one or two mutant allelesleles occurred in the presence of ETS e>{;l|“mg cancer for women with the GSTMl
(Table 3); similar frequencies have beemposure and outnumbered the GSTM1; omozygous null genotype (OR 6.5;

reported for other white populationspositive case patients by 2:1 in thegl‘j’;/;’)gtlez tlr{ii_j:ﬁgr)r’]ear?ﬂg(tie ggpgetsst
(36). second and third quartiles of ETS eXpozl’able 2). To exclude the possibility that

. . . _ the dataset was too sparse or unbalanced
Table 2.Case patient-only analysis of environmental tobacco smoke (ETS) exposure: association V\fl(t)h assure the validity of asymptotic like-

lutathioneS-transferase (GSTM1) genotype . . .
’ ( ) genowp lihood-based inference, we applied exact
ETS exposure* GSTM1 genotypet methods and found a similar risk estimate

were approximately equal groups of the
remaining patients; the lower boundary
for the fourth quartile was drawn at 55
pack-years of exposure because it repre-
ented a natural clustering of 13 case pa-
ients at the top of the exposure scale.

: OR = 5.6; 95% CI = 1.1-56.3; trend
Quartile Pack-years Absent Present OR (95% CI){eStP _ .Ol), although adjustments for
% 8 20 2173 286 121(07 65) confounding variables including age, ra-
3 21685 13 o 19(06-6.0) don exposure, saturated fat consumption,
4 >55 11 2 6.5 (1.2-35.0)5 and vegetable intake could not be per-

Any ETS 37 14 2.6 (1.1-6.1)§ formed with the use of the current soft-
Trend test = .028 ware. The categorical comparison of “no

_ _ _ ETS” to “any ETS” demonstrated a 2.6-
*ETS exposure is shown as quartiles for GSTM1 analysis, where 0 pack-years of exposure was d 5] increased risk among GSTM1 null

as the first quartile, and the second through fourth quartiles were constructed from approximately equal - } o _
divisions of the remaining case patients. gqenotypes (OR= ,2',6’ 95% C,I - ]j'l_
tAbsent means both alleles are null or deleted. Present means one or two intact alleles are preseﬁ-.l) by use of logistic regression with ad-
$OR (95% Cl)= odds ratio (95% confidence interval) adjusted for age, radon exposure, saturatedugtments and a 2.7-fold elevation (OR
intake, and vegetable intake. 2.7, 95% Cl= 1.1-6.7) by use of exact
8Exact inference reproduced the sixfold elevation of risk above 55 pack-years of exposure B  inference without adjustment for con-
exposure was unchanged (OR 2.7 96% Gl 1.1-6.7) Note that Gommercially avaiabl sofware for (0UNdINg variables.
7 6 Cl= 1.1-6.7).
exact computations could not adjust for age, radon exposure, saturated fat intake, and vegetable intake in tlh%Ck of G_STTI and CYP1AL effects
dataset. on cancer risks from ETS exposure.
[Categorical trend test is expressed as a two-siiealue, which is considered statistically significant forS|m||t5'lr to Som?, but not all, StUdIQS of
P<.05. smoking-associated lung canded), this
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case series provides no evidence thamay be attributed to deficiency oftions that must be considered in investi-
GSTT1 deficiency is associated with anyGSTM1 enzymatic activity. These lattergations of causal factors. In addition, ge-
lung cancer risk due to ETS exposureppraisals are based on case—control datatic interactions between null alleles of
(P = .29, trend test; Table 3), and thefrom multiple studies using the two can-GSTM1 and GSTT1 have been suggested
GSTT1 homozygous null group is toocer sites for which consistent GSTM1 de{33,34),but the low frequency of homo-
small to detect a genotypic interactionficiency associations have been reportegygous GSTT1 null alleles (i.e., 17%)
with GSTML1. Likewise, there is no evi- These approximations suggest that th@oes not permit such an assessment in our
dence that the CYP1A1 valine variant nGSTM1 homozygous null genotype is a€latively small dataset. Although the ab-
exon 7 is associated with lung cancer rislajor determinant of lung cancer suscepsence of GSTT1 enzymatic activity has
from ETS exposureR = .50, trend test; tibility, possibly because its substratedde@en sometimes associated with increased
Table 3), either alone or in concert withspecificities may differ from those of lung cancer risk in active smoke(&1),

the GSTM1 homozygous null genotype. gther GST classeg!8). these data do not support an interaction

This observation may have escapeith ETS. _
prior notice because lung cancer series N short, we”fmd that the_GSTMl_ho-d
This is the first investigation to find a typically enroll active smokers, and it isM02ygous null genotype Is associate
: . ) ible that GSTM1 deficiency is mostWith a statistically significant lung cancer
dose-response relationship between ETIZSS! y s .
i i isglinically significant at low carcinogen risk in never-smoking women exposed to
exposure and increasing lung cancer risk y Sig g high levels of hich h
i i 49,50),such as with ETS exposure igh levels of ETS, which suggests that
among women with a common geneti¢loseg49,50), p "h I ik
. . ) b ther detoxification pathwavine observed excess lung cancer ris
deficiency in GSTM1 enzymatic activity. be€cause o p y .
T . .’ among never-smoking women results
These data indicate that ETS exposurgay be overloaded by active smokin _ 9 _
) " : rom cancers in two distinct groups: one
may more than double the risk of lung(15,51,52)In addition, this study was de- . ; ; .

. S9N e : }hat is genetically at high risk and one that
cancer for nearly half of white women insigned specifically to measure the risks oIS enetically at lower risk of lung cancer
Western nations. In addition to the overalETS exposuré2), so never smokers were 9 y ! iung ;

; ) ) . o . . _from exposure to ETS. Additional studies
doubling of risk, there is a highly signifi- chosen as the primary study populatiorn ' .
. . are needed to confirm these observations
cant dose—response trend, with ETS ex6), and the survey instruments were se: d : . h ibuti f
osure P = .02) producing a more thanlected to optimize exposure assessmeap © mvc_aghggte the contributions ©
P \ : . o ) SESSMEWther detoxification pathways to lung can-
sixfold risk at the highest exposures (OR53,54)and to minimize misclassification cer risk
= 6.5; 95% Cl = 1.2-35.0). Although of never smoker$39,55-57).Recent re- '
this evidence for a gene—environment insults(31) also indicate that women with ap
o A R . EFERENCES
teraction is statistically significant, it GSTM1 homozygous null genotype may
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